Abstract. Using waveforms and travel times from deep earthquakes, we constructed 16 seismic profiles, each of which constrains the radial variation in Vp over a small area beneath the northern Philippine Sea. Taken together, the azimuthal coverage of these profiles also places tight bounds on the lateral extent of a region of anomalously high Vp (up to 3% faster than average Earth models) originally suggested by travel time tomography. Unlike travel time tomography, which relies heavily on arrival times of the direct P phase, we utilize the waveforms and move-out of later arrivals that mainly sample the mantle transition zone of interest. Our results identify three important characteristics of the northern Philippine Sea anomaly that are distinct from previous results. First, being approximately a subhorizontal, laterally uniform feature, the anomaly is localized beneath the northwestern comer of the Philippine Sea, within a region of approximately 500 x 500 km 2 immediately east of the Ryukyu arc. Second, the anomaly is well constrained to occur in the lower portion of the transition zone, extending all the way down to the 660-km discontinuity. Third, the presence of such a distinct anomaly reduces the contrast in V, across the 660-km discontinuity from approximately 6% to 3%. Such a configuration •s consistent wath the interpretanon that the anomaly is caused by a remnant of subducted slab, as negative buoyancy should rest the slab just above the 660-km discontinuity where resistance to subduction is expected from a negative Clapeyron slope during the spinel-Mg-Fe-perovskite transition.
Unlike in travel time tomography, which relies heavily on arrival times of the direct P phase reported in bulletins, we emphasize the rich information contained in the waveform and move-out (i.e., changes in arrival times with respect to distance) of later arrivals that mainly sample the depths of interest. This work complements the previous studies by providing resolution on several aspects of the anomaly that are of particular interest to geodynarnics. These waveforms include all relevant arrivals from triplications of the travel time curves that are caused by discontinuities in the transition zone of the mantle (Figure 2 ). For this data set, slowness of the P wave at particular depths in the transition zone is directly determined by the move-out of first arrivals over the array. -2520  37  1910-2256  43  1750-2060  44  2301-2610  51  1767-2097  55  1797-2097  58  1730-2024  66  1730-2120  67  1854-2103  68  I919-2207  40 e  2298-240 1  74  1948-2168  75  1810-2050  91  2300-2541  99  2564-2684  110  2609-2750 Values of parameters are from the monthly listing of Preliminary Determination of Epicenters (PDE).
Range of bottoming depths for the rays comprising the P wave train, including all branches of traveltime triplication sampled by each profile.
Azimuth, not back azimuth, is the appropriate parameter used for this profile. Given the approximate linear geometry of each profile in Figure 1 , we calculated synthetic seismograms using the WKBJ algorithm [Chapman, 1978; Chapman et al., 1988] . We performed both forward modeling and waveform inversion to find the best fitting models, and the results from both approaches are similar. Each model of V• is subject to a priori constraints regarding its gradient with respect to depth in the transition zone, contrasts in Vp across major discontinuities, and depths of such discontinuities. We used bounds on these parameters summarized by Kennett [1993] . The best fitting model is then perturbed by forward modeling to estimate uncertainties of parameters.
In Figure terminates beyond a distance of 2200 km is consistent with our identification of this cusp at the very near end of the broadband profile (Pll) near 2300 km (Figure 3) . The location of this cusp was also correctly predicted by model C34 along profile 5, to be discussed in Figure 11 .
For the short-period profiles in general, the average spacing between stations is only 20 km, and the arrival time of each phase can be determined to within _+0.5 s. Since the source depth is well below the 400-kin discontinuity (Table 1) 
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Interpretation and Discussion
Our results bolster the interpretation that the northern Philippine Sea anomaly is caused by remnants of subducted Pacific lithosphere, even though we disagree with the assertion of Fukao et al. [ 1992] and van der Hilst et al. [1991, 1993] In fact, strong directivity in the general direction of south is evident from the narrow pulse width at CTAO ( Figure A2 ). The source model used in Figure A2 
